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Abstract: In order to accurately measure SOC (state of charge) of lithium ion batteries, the discharge voltage and 
discharge rate of 6 different discharge currents (0.7, 1.1, 1.7, 2.2, 2.7 and 3.3 A) were collected by using Hyperion 
balanced charge and discharge equipment with 2 200 mA∙h polymer lithium battery as the research object. The neural 
network algorithm based on backpropagation (BP) and radial basis function (RBF) was used. Collected sample data was 
divided into training group and test group. After training the training group with different neural network algorithms, 
appropriate parameters were selected to construct the neural network and the test group data were tested. Finally, 
predicted results and errors of the two algorithms were compared. The results show that the average relative error of RBF 
prediction is lower than that of BP, and the prediction speed is faster, therefore, RBF is more suitable for the prediction of 
residual capacity of lithium-ion batteries than BP. 
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Fig. 1  Basic structure of artificial neural network 
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Fig. 2  Basic structure of BP neural network  
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Fig. 3  Flow chart of BP neural network algorithm 
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Fig. 4  Structure of RBF neural network 
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Fig. 5  Flow chart of RBF neural network algorithm  
 
2  ????????? 
 
???????????? 2 200 mA∙h????
????? 25C??????????? 4.2? 3.6 V? 
? Hyperion NET & DUO3?????????
??????????? Hyperion control & date suite 
???????????????????????
???????(????????????????
?????????)??????????????
???????????? 1C~5C????????
?????????? 2C????????? 4.4 A?
???????????????????????
????????? 2C??????????? 0.7?
1.1?1.7?2.2?2.7? 3.3 A???? 3??????
????? 
2.1  BP?????? SOC 
??? BP????????? p ???? q ?
???????????????????????
????????????? SOC????????
????????SOC?????????????
???????????????????????
???????????????????????
? SOC????????[16]? 
????????????? 0.7?1.7 ? 2.7 A
???????????????????????
1.1?2.2? 3.3 A????????????????
????????? BP?????? SOC???? 
?????????? 1??????????
???????????????????????
???????????????????????    
?[17]?????????????????? 1??
???????????????????????
S???? tansig????????????? 
aqph                (9)  
ph 2log                 (10)  
12  ph                 (11)  
???h????????q????????p??
??????a? 1~10?????????????
? p?????? 2???????? q? 1????
?????????? m? 1~12?? 
? 1.1 A?????????????????
??????????????? 1~12 ?????
SOC?????????????? 5??????
?????????????? 1??? 
?? 1?????????????? 1?7?8?
10?11? 12??????SOC??????? 0.05?
???????????????????????
??? 2?3?4?5?6? 9??????5?6? 9?
??????? SOC??????????????
??? 5? 6?????????????????
??????????????????? 6???
?????? 5?????????????? 6?
??????????? 6 ???????????
? 9??????????????????????
??????? 6??????????? BP???
??? 6??(?? U??????C?????)? 
?????????????????? 1.1?2.2
? 3.3 A?????????????MATLAB??
BP ???????????????[18]?????
????????? DOD ???????????
?? 7??? 
? 1.1?2.2? 3.3 A????????????
?????????? 2??? 
 
 
? 6  ??? BP???? 
Fig. 6  Constructed BP neural network  
? 9?                                        ???????????????????? 
 
2125 
? 1  BP????????????????? SOC?????? 
Table 1  Comparison of SOC prediction errors of BP neural network with different hidden neurons 
????/? ???/? ?????? ???? ???? ???? ??????
1 17 0.214 3 0.101 5 0 0.018 5 0.014 5 
2 135 0.044 0 0.029 3 0 0.011 6 0.005 9 
3 174 0.096 1 0.040 8 0 0.005 5 0.004 6 
4 194 0.076 4 0.032 1 0 0.017 1 0.007 7 
5 161 0.066 8 0.025 5 0 0.014 7 0.007 5 
6 117 0.051 5 0.021 4 0 0.011 1 0.004 1 
7 125 0.166 5 0.071 5 0 0.022 5 0.016 7 
8 243 0.435 1 0.319 3 0.000 2 0.147 8 0.096 7 
9 734 0.047 4 0.031 2 0 0.009 7 0.006 8 
10 236 0.294 3 0.158 1 0.000 1 0.069 3 0.052 2 
11 499 0.454 1 0.589 4 0 0.229 7 0.195 5 
12 222 1.365 8 0.224 5 0.000 4 0.043 7 0.045 0   
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Fig. 7  Relationship between discharge voltage and DOD and SOC prediction error distribution at different discharge current 
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? 2  ??????? SOC???? 
Table 2  SOC prediction errors at different discharge currents 
???
?/A 
?? 
?? 
???
??? 
??
??
?? 
?? 
?? 
?? 
???
??
1.1 187 0.054 8 0.025 6 0 0.014 8 0.008 2
2.2 182 0.022 8 0.024 0 0 0.006 5 0.006 2
3.3 120 0.048 9 0.035 9 0 0.014 2 0.008 9
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Fig. 8  Constructed RBF neural network 
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Fig. 9  Relationships between discharge voltage and DOD and SOC prediction error distribution under different discharge currents 
? 9?                                        ???????????????????? 
 
2127 
?1.1?2.2?3.3 A?????RBF????SOC
?????? 3??? 
 
? 3  RBF???? SOC???? 
Table 3  SOC prediction errors of RBF neural network  
?? 
??/A 
?? 
???? 
?? 
?? 
?? 
?? 
?? 
?? 
?? 
???
1.1 0.026 9 0.020 2 0 0.006 6 0.005 0
2.2 0.090 6 0.033 7 0 0.014 2 0.009 7
3.3 0.059 6 0.038 7 0 0.014 1 0.010 1
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